In order to elucidate the functional and molecular mechanisms employed during accessory sex gland seasonal development, we performed suppression subtractive hybridization (SSH) experiments in the crab, Eriocheir sinensis, by constructing forward and reverse cDNA libraries enriched with up-or down-regulated transcript genes. A total of 175 ESTs were obtained from 180 randomly picked clones in the two libraries, with an average insert size of 450 bp, and a cloning efficiency . 90%. Comparative sequence analysis of ESTs with sequences reported in public genomic databases identified 88 unigenes, 35 of which were homologous to reported proteins, with the remainder unidentified. Unigene Annotation identified some unigenes via the Gene Ontology classification. Some of these unigenes had greater activity in the early stage of gland development, with an inferred function in cellular processes (involved in cell proliferation and differentiation), and the other genes with inferred functions in protein synthesis, energy metabolism, and signal transduction were more prevalent during the peak stage of gland development. Hence, genes elevated during the early stage may play roles in the process of rapid cell growth, while those elevated during the peak stage may play important roles in protein synthesis and secretion, as well as sperm capacitation and fertilization. SSH results were validated by the real-time PCR analysis of five candidate genes, whose expression correlated well with the SSH results, and exhibited relative expression levels that were five fold greater than those observed in the SSH libraries, confirming the SSH success.
INTRODUCTION
The accessory sex gland, an important component of the male reproductive system, enhances the fertility of caudal epididymal sperm during male reproduction (Henault et al., 1995) . Numerous proteins, zinc, fructose, acid phosphatase, and some unidentified factors secreted by the accessory sex gland not only provide nutrition for newly developed spermatozoa, but also induce a cascade of changes to the spermatozoa membrane (Polakoski and Kopta, 1982) , influencing sperm vitality (Sostaric et al., 2008) , physiological state (Ying et al., 1998) , motility and capacitation (Setchell et al., 1994; Elzanaty et al., 2002) , and fertilization capacity (Henault et al., 1995; Ying et al., 1998) . Removal of the accessory sex gland in male mice impacts embryonic development and fitness (Ying et al., 1998) . Research on accessory sex gland secretions in Holstein cattle demonstrate its involvement in key spermatic events including protection, motility, capacitation, the acrosome reaction, and sperm-oöcyte interaction (Moura et al., 2007) , while secretions in other mammals possess antibacterial, anti-oxidation, and virus neutralizing capabilities (Kitamura et al., 1995) . With the exception of a few studies in insects (Gillott, 1988; Smida et al., 1998; Ravi Ram et al., 2005) , the majority of accessory sex gland research has been completed in mammals.
Eriocheir sinensis (Milne Edwards, 1853) commonly known as the Chinese mitten crab, is an economically important aquaculture species in China. Various diseases, caused by bacteria, viruses, or rickettsia-like organisms, are prevalent in cultured species populations and have caused catastrophic losses (Jiang et al., 2008) . However, precociousness has also caused a drastic decrease in production and large economic losses to the crab aquaculture. After wide studies of hormone and nutrition levels, some scholars have found that environmental factors and nutrient levels are the main external factors that affect the early sexual maturity of Chinese mitten crabs (Li et al., 2005; Zhao and Lu, 2003; Chen et al., 2003) . These problems remain unresolved in aquaculture. Although E. sinensis reproductive biology has received increasing attention in recent years (Fan et al., 2007; Li et al., 2008; Liu et al., 2009) , accessory sex gland reports remain limited to structural descriptions, and the function of the accessory sex gland has not been reported. With the beginning of growth occurring in August, the size of the accessory sex gland at maturity in late November, which is significantly delayed compared to that of the testes (Du et al., 1988) , constitutes approximately 80% of the entire reproductive system. Furthermore, based upon studies in this laboratory, the contents of the gland are capable of dissolving the spermatophore rapidly after maturity (unpublished data) . Therefore, we surmised that the accessory sex gland might possess some reproduction-related functions. The detailed analysis of genes involved in reproductive control and regulation of this species may provide methods to optimize its fitness for aquaculture and to manage ecologically invasive populations. In the meantime, it may be helpful to lay the foundation for controlling precociousness, and to take measures against biological invasion at the molecular level for the future. Thus, further research on the accessory sex gland of E. sinensis is necessary in order to elucidate its reproductive function and mechanism.
Suppression subtractive hybridization (SSH) technology is a simple and efficient differential gene cloning technology that can overcome the high false positive rates in Differential Display (DD) and the complications of Representational Difference Analysis (RDA), yet can also enrich some genes that are expressed in low abundance (Diatchenko et al., 1996) . In the present study, we constructed the forward subtractive cDNA library with cDNAs from the early stage (tester) and the peak stage (driver) of the E. sinensis accessory sex gland. The reverse subtractive cDNA library was constructed with cDNAs from an accessory sex gland during the peak stage (tester) and the early stage (driver). These constructed subtractive libraries permit the identification and targeted analysis of genes that are differentially expressed during accessory sex gland development (early and peak stages). Results reported here provide a foundation for future molecular analysis, and the theoretical analysis of sex accessory gland function in the male reproductive system of E. sinensis.
MATERIALS AND METHODS

Animals
Healthy E. sinensis, two years of age, with accessory sex glands in early (in August) and peak stages (in November) (Du et al., 1988) were purchased from the Changfeng market in Shanghai, China. The crabs were dissected on ice, and accessory sex glands were immediately removed, frozen in liquid nitrogen, and stored at 280uC until analysis.
RNA Extraction, Quality, and mRNA Isolation Total RNA was extracted from accessory sex glands (1 g) in early or peak stages using the RNAiso Reagent (TaKaRa). Prior to SSH library construction, the quality of the total RNA was assessed by gel electrophoresis and spectrophotometry. Then, Poly(A)
+ mRNA was isolated and purified using the Oligotex mRNA Mini Kit (QIAGEN), dissolved in RNase Free dH 2 O (TaKaRa), and concentrated (0.5 mg/mL) using glycogen, acetic acid potassium, and ethanol.
SSH Library Construction
SSH libraries were constructed using the PCR-Select TM cDNA Subtraction kit (Clontech) according to the manufacturer's instructions. Briefly, the first and second strand cDNAs were synthesized using early and peak stage mRNAs (2 mg) as the blueprint (digested with Rsa I endonuclease), with the tester ligated to both adaptors while the driver was not. Two rounds of hybridization were then performed. A forward subtractive cDNA library was constructed using cDNAs from early stage accessory sex glands as the tester, while those from the peak stage served as the driver. Alternately, a reverse subtractive cDNA library was constructed using cDNAs from peak stage accessory sex glands as the tester, while those from the early stage served as the driver. According to the Advantage cDNA Polymerase Mix kit (Clontech) protocol (includes 103cDNA PCR reaction buffer and 503Advantage cDNA Polymerase Mix), the subtracted cDNA fragments would then be amplified by the primary PCR and the nested PCR. The secondary PCR products were purified and concentrated with the QIAquick PCR Purification Kit (QIAGEN), ligated into a pGEMH-T Easy vector (Promega) overnight at 4uC, and transformed into competent E. coli DH5a cells (TIANGEN). In total, 180 clones were randomly selected, cultured in LB medium (Tryptone, Yeast extract and NaCl) with Ampicillin (100 mg/ml) overnight at 37uC, and assayed for cDNA inserts via PCR using vector-specific T7 and SP6 primers under the following conditions: 94uC for 5 min; 30 cycles of 94uC for 30 s, 68uC for 30 s, and 72uC for 1 min; and 72uC for 10 min. Products were analyzed on a 1.5% agarose gel stained with ethidium bromide (EtBr).
PCR Analysis of Subtraction Efficiency
Subtraction efficiency was estimated by assessing the relative amounts of constitutively expressed beta actin gene prior to and following subtractive hybridization. Gene-and species-specific primers were designed against a conservative region of the beta-actin gene (GenBank accession AY910691) (Table 1 ). Prior to the subtraction efficiency analysis, 1 mL was removed from the subtracted and unsubtracted secondary PCR products and diluted 10 fold in ddH 2 O to equalize the concentration of the two samples. The PCR products (5 mL were removed from each reaction) were analyzed after 18, 23, 28 and 33 cycles on an agarose gel stained with EtBr.
Sequencing and Analysis
Plasmids containing cDNA inserts were sequenced using the vectorspecific T7 primer (59 TAATACGAC TCACTATAGGG 39) supplied by a commercial DNA sequencing service provider (Sangon, Shanghai, China). A total of 90 clones were sequenced from each subtractive library in order to identify those that were most redundant. The Phred program was used for quality assessment and base calling, where low quality (Phred score , 20) and short fragments (, 100 bp) were disregarded. After the vector and adaptor sequences were removed, cDNA sequences were clustered using the CAP3 assembly program (http://pbil.univ-lyon1.fr/cap3.php/). All expressed sequence tags (ESTs) were then compared with sequences reported in the National Center for Biotechnology Information (NCBI) and SwissProt non-redundant database (NCBI) using BlastX and BlastN (http://www.ncbi.nlm.nih.gov/BLAST/). The function of any unique gene contigs or singletons was inferred based on the sequence identity with sequences reported in Genbank and Gene Ontology annotations and functional classifications (http://www.geneontology.org/).
Real-time PCR Analysis
A subset of identified genes, which were upregulated in the SSH libraries, were further validated by real-time quantitative RT-PCR. Purified total Tables 2 and 3. RNA (2 mg), extracted from the same samples previously used for library construction, was treated with DNase I, and reverse transcribed using the MMLV Reverse Transcriptase kit (Invitrogen) according to the manufacturer's instructions. The PCR reaction solution (final volume of 20 ml) contained 10 ml of 13 SYBR Green master mix (TaKaRa), 0.5 ml of 10 mM primer (see Table 1 ), and 0.5 ml of template cDNA. Primers were designed using the Primer 5 program. Each PCR reaction was performed in duplicate on an iQ5 System Cycler (Bio-Rad) under the following conditions: 95uC for 3 min (initial denaturation); and 40 cycles of 95uC for 15 s (denaturation), 55-59uC (temperature was primer specific, see Table 1 ) for 15 s (annealing), and 72uC for 30 s (extension). In all the experiments, appropriate negative controls containing no template cDNA were subjected to the same procedure to exclude any possible contamination. The results were normalized using the threshold cycle obtained for the beta-actin amplifications from each cDNA sample run on the same plate, and the stability value was calculated. The products of amplification were validated by analyzing the amplicon size on agarose gel electrophoresis. Quantification was performed by comparing the Ct values of each sample to a standard curve and normalization beta-actin. The statistics were analyzed using Student's t test of SPSS 11.0. All values were expressed as means 6 SEM of three independent experiments, and the P value , 0.05 was considered statistically significant. The 2 2DDCt method was used to calculate changes in relative gene expression (Livak and Schmittgen, 2001) .
RESULTS
Isolation and Analysis of RNA
The integrity of RNA from the two stages of accessory sex gland development was examined by electrophoresis. The results showed two bands corresponding to ribosomal 28s and 18s RNA, which were clear and discrete (indicative of good quality samples). The OD260/OD280 ratio of the total RNA was .1.90 for both samples, which suggests that there is little contamination and little degradation. These results indicated that RNA from the accessory sex gland could be used to construct the subtractive libraries.
PCR Amplified SSH Products
Subtractive hybridization products were PCR amplified and analyzed for their size distribution using a nested PCR approach in an effort to further enrich the genes that were both modestly and differentially expressed. The secondary PCR products from both unsubtracted samples presented a smear from 0.2-2 kb without any distinct bands. However, the products from both subtracted samples displayed a smear from 0.2-1 kb with a number of distinct bands (Fig. 1) .The results indicate that the subtractive hybridization was successful, and that the expression of some genes may be different and enriched in the two stages of accessory sex gland development.
SSH Efficiency and Library Quality
The subtraction efficiency among the constructed libraries was inferred by beta-actin abundance. The abundance of beta-actin transcripts was greatly reduced after subtractive hybridization, by 2 5 to 2 10 fold, as determined by the cycle number at which the amplicons were first visible (18 versus 23-28 cycles, Fig. 2 ), indicating that the contribution of robustly expressed genes to the library was successfully reduced.
Forward and reverse SSH cDNA libraries were each comprised of approximately 400 clones. As observed by blue/white screening with X-Gal (20 mg/ml), the cloning efficiency of each SSH cDNA library was .90%. The 180 randomly selected positive clones from both libraries displayed a broad range of insert sizes (0.25-1 kb), indicating that the resultant SSH libraries were high in quality and representative of the pre-ligation product.
SSH Identified Genes and Functional Classification
For each library (forward and reverse), 90 of the 180 clones that contained an insert were randomly selected for DNA sequencing. Sequenced clones contained an average insert size of approximately 450 bp. After the removal of vector, low quality, and short (, 100 bp) sequences, a total of 175 EST sequences were identified, which clustered into 86 Fig. 1 . EtBr stained gel of the secondary PCR products. Lane M: DNA marker (DL2000). Lane 1: Secondary PCR products of unsubtracted control cDNA for the forward subtraction. Lane 2: Secondary PCR products of unsubtracted control cDNA for the reverse subtraction. Lane 3: Secondary PCR products of subtracted cDNA for the forward subtraction. Lane 4: Secondary PCR products of subtracted cDNA for the reverse subtraction. Fig. 2 . Subtraction hybridization efficiency as determined by PCR analysis of SSH beta-actin products. A, Early stage accessory sex glands served as the tester, and those at the peak stage served as the driver. B, Peak stage accessory sex glands served as the tester, and those in the early stage served as the driver. Lanes 1-4 contain unsubtracted PCR products, and lanes 5-8 contain PCR products that underwent SSH. PCR amplification was conducted for 18 cycles (lanes 1 and 5), 23 cycles (lanes 2 and 6), 28 cycles (lanes 3 and 7), and 33 cycles (lanes 4 and 8). The DNA marker (M) is indicated.
non-redundant sequences from the forward library (22 singletons, 18 assembled sequence contigs) and 89 nonredundant sequences from the reverse library (36 singletons, 12 assembled sequence contigs). A comparison of these non-redundant sequences with GenBank reported protein sequences (using BLAST) yielded, for the forward library, 15 unigenes that were highly homologous to proteins with known functions along with 25 unigenes that remained unidentified, accounting for 37.5% and 62.5% of the forward SSH library unigenes, respectively. For the reverse library, 20 unigenes were highly homologous to proteins with known functions while 28 unigenes remained unidentified, accounting for 41.7% and 58.3% of the reverse SSH library unigenes, respectively. See Tables 2  and 3 for the identities of unigenes isolated from forward and reverse SSH libraries, respectively. All the ESTs have been trimmed and deposited into the dbEST within GenBank, with the continuous accession numbers GH295378-GH295507.
Non-redundant unigenes were also screened against entries in the GO (gene ontology) database for functional annotation and GO classification. Each unigene sequence was assigned at least one GO classification, and several were further classified using second-level GO terms, which specify their involvement in molecular functions and biological processes, or as cellular components (Fig. 3) . Within each SSH library, forward and reverse, cDNAs were clustered into 6 and 8 functional categories of cellular components, respectively, according to the GO database (Fig. 3) . Extracellular region components were only identified among reverse library unigenes. Further, the distribution of unigenes classified as components of protein complexes (22.2% vs. 42.9% for forward and reverse libraries, respectively) and organelles (50.0% vs. 62.96% for forward and reverse libraries, respectively) differed significantly between the two libraries. Unigenes classified in terms of molecular function were segregated into 5 functional categories. Specifically, binding (61.2% vs. 33.3% for forward and reverse libraries, respectively) and transportation activities (11.1% vs. 4.76% for forward and reverse libraries, respectively) were higher in the forward library compared to the reverse library. Within the biological process GO classification, each library contained 3 categories, with more than half of the genes (80%) directly related to physiological and cellular processes. No other significant differences, in terms of percent distribution, were present between forward and reverse libraries for the remaining functional categories.
Unigene Differential Expression Confirmed by Real-time PCR
Expression of the five genes, one (NEK6) from the forward and four (AK, Ubiquitin, PPIB, transmembrane protein) from the reverse library, was quantified in early and peak accessory sex gland stages by real-time PCR using speciesspecific primers to validate the SSH results (see Table 1 for primers). Mean Ct values for the candidate genes and the beta-actin gene were analyzed by the 2 2DDCt method, and the relative level of gene expression differed significantly, by a magnitude of 5.2 to 10.3 fold (P , 0.05), in the two stages (Fig. 4) . Real-time PCR results were in accordance with SSH data. NEK6 was up-regulated in the forward library compared to the reverse library expression levels, while the other four genes were up-regulated in the reverse library. The quantified genes have functions in cell proliferation, protein biological activity, sperm capacitation, and signal transduction, as inferred by the EST sequence analysis.
DISCUSSION
Altered gene expression is the core mechanism governing cellular activities and processes. Thus, comparisons of gene expression levels among cells or tissues at different developmental stages or under different physiological conditions may provide important information concerning activities vital for life. To this end, suppression subtractive hybridization (SSH) has been widely applied to gain a better understanding of the genes involved in growth and development, differentiation, apoptosis, and disease onset and progression (Lambe et al., 2006; Bouton et al., 2005; Elkeles et al., 1999; Sun et al., 2004) , through the effective isolation of low abundance, differentially expressed genes. The goal of the present study was to identify genes that were differentially expressed during accessory sex gland seasonal development. Thus, two SSH cDNA libraries were constructed, resulting in the isolation of a wide spectrum of potential differentially expressed genes during the early and peak stages. In total, 180 ESTs were sequenced and functionally classified using Gene Ontology. Based on the GO classification, many of the active genes during the early stage of gland development are responsible for rapid growth and active metabolism in the gland cells. In contrast, the genes more prevalent in the peak stage gland may play important roles in protein synthesis and secretion, signal transduction, sperm capacitation, and fertilization. Five genes from early and peak stage accessory sex glands were analyzed by real-time PCR, thus confirming the differential expression data observed via SSH and indicating successful enrichment of the cDNA libraries.
Genes Expressed during the Early Stage of the Accessory Sex Gland
Genes that were up-regulated in the early stage of accessory sex gland seasonal development were classified into four . SSH differential gene expression among accessory sex gland stages (early, peak) was verified by real-time PCR for five genes. Realtime PCR was performed using gene-and species-specific primers using unsubtracted early and peak stage accessory sex gland cDNAs as template. Results were statistically analyzed by students' t test, and values significantly different at 5% level (P , 0.05) and 1% level (P , 0.01) have been indicated by ''*''and ''**''.
major functional groups, based on GO categories: cell proliferation/differentiation, cytoskeleton, protein complex, catalytic activity, and physiological process. Up-regulated genes, putatively involved in cell proliferation and differentiation, included those coding for NEK6, Pelota protein, and U2 small nuclear ribonucleoprotein B isoform (U2 snRNP). Specifically, NEK6 is a key protein kinase involved in cell division (Yin et al., 2003) , with a critical role in the regulation of key protein phosphorylation sites during mitosis (Abrieu et al., 2001 ). Pelota protein is the only translation factor with ribonuclease activity, playing important regulatory roles in the translation of expressed genes, cell cycle division, cell differentiation and cell self-renewal (Lee et al., 2007) . U2 snRNP, U1, U4-U6 and U5 small nuclear ribonucleoprotein elements are spliceosome components that process mRNA precursors with regulatory roles in development and differentiation (Moore et al., 1993) .
Cytoskeletal-classified genes included a-4 tubulin and b-2 tubulin, principal components of the cytoskeleton that are also involved in several crucial physiological functions, including but not limited to maintenance of cell shape and structure, cell division, material transport, regulation of cell differentiation and signal transduction (Tang and Wang, 2000; Wasteneys and Yang, 2004) .
Unigenes classified as components of protein complexes included elongation factor 1 (EF1a) and 2 (EF2a), and ribosomal protein L6 (RPL6), which are involved in protein synthesis. Specifically, the EF1a and EF2a proteins are required during peptide chain extension (Ann et al., 1992) , although they may also be involved in the regulation of cell proliferation (Hassell and Engelhardt, 1976) . RPL6 is an integral component of the large ribosomal subunit, and is thereby crucial to protein synthesis; RPL6 identifies a wide variety of transcription factor sites.
Unigenes assigned to the catalytic activity or biological process categories included ferritin and puromycin-sensitive aminopeptidase (PSA). Ferritin is involved with antioxidation processes while also being a regulator of cell proliferation (Reif, 1992; Le and Richardson, 2002) . PSA has been associated with microtubule spindle formation during mitosis, and may also be involved in cell cycle regulation (Constam et al., 1995) . Furthermore, PSA also has protease activity, making it capable of degrading such toxic proteins as poly-glutamine (PolyQ) to prevent their accumulation and associated toxicity (Bhutani et al., 2007) .
Cellular proliferation is ongoing and rapid during the early phase of accessory sex gland development, in which a large number of branch structures are formed from the gland ducts, such that the gland ducts are constantly extending. Activities within the accessory sex gland, in addition to cell proliferation via mitosis, include the engagement of newly formed cells in strong anabolic processes, which promotes the formation of their own cytoskeleton and structural proteins thereby ensuring normal cellular function. The differentially expressed genes reported here are all closely related to the process of cell proliferation, with inferred functions during the early stage of accessory sex gland development.
Genes Expressed during the Peak Stage of the Accessory Sex Gland
Based on the GO categorization, genes that are abundant during the peak stage of seasonal accessory sex gland development were involved in protein synthesis, modified protein processing, cell and physiological processes, and reproductive and catalytic activities. Unigenes associated with protein synthesis include ribosomal proteins L4, S23e, S7, L11, L10Ae, and L15, which constitute the ribosomal complex group and participate in gene transcription initiation, protein synthesis and regulation, as well as other proteins such as isoleucyltRNA synthetase. Isoleucyl-tRNA synthetase transports isoleucine amino acids and also is involved in protein synthesis (Lee et al., 2003) .
Unigenes involved in modified protein processing included peptidylprolyl isomerase B (PPIB), phosphatase subunit 2, and HTF9c. PPIB plays an important role in protein folding, supporting the new peptide chain as it folds into the final natural conformation that facilitates protein performance (Goldherg et al., 1991) . Phosphatase subunit 2 impacts the biological activities of proteins through dephosphorylation reactions (Inoue et al., 2002) while HTF9c uses its methyltransferase activity to affect protein activities (Giulia et al., 1997) .
Unigenes classified in the cell and physiological process GO category included translation control tumor protein (TCTP), transmembrane protein, myosin essential light chain (ELC), and the PHD finger protein. TCTP, also known as P21, plays an important role in cell growth and differentiation, calcium combination, cell signal transmission, anti-apoptotic regulation, and spermatogenesis (Sanchez et al., 1997; Gachet et al., 1999) . Arcuri (Arcuri et al., 2005) demonstrated that TCTP is a calcium-binding protein that regulates calcium absorption, with a direct role in calcium transportation and signal transmission. TCTP also impacts sperm motility by ensuring the correct timing for the acrosome reaction via regulation of free Ca 2+ (Arcuri et al., 2004) . TM-4 integration protein is a kind transmembrane protein, which has an established role in the spermoöcyte interaction and also in immune cell function (Yauch et al., 2000) . The function of the trans-membrane protein that we found remains unclear, whether it involves in the reproductive process needs to be identified. ELC, in association with Calmodulin, regulates Ca 2+ binding sites and may play an important role in fertilization (Harrison et al., 1994) . Aasland (Aasland et al., 1995) demonstrated that the PHD finger protein, which contains two Zn 2+ binding sites, was capable of altering both chromatic and Zn 2+ transmissions. Zn 2+ content is closely related to sperm motility in the human prostate, and a number of metal enzymes in sperm rely on Zn 2+ to function (Elzanaty et al., 2002) .
Ubiquitin (Ub), a 76 amino acid peptide that is found in a wide range of eukaryotic cells, was categorized as a reproduction-related gene. Sperm ubiquitination is dependent upon the reproductive season in stallion, yet Ub may have more general roles during the spermatogenic cycle, in vitro capacitation, and the acrosome reaction, along with a possible role in changing the sperm plasma membrane (Sutovsky, 2003) . Furthermore, defective sperm are removed via ubiquitination to attain a higher fertilization rate (Sutovsky et al., 2001) .
Unigenes classified on the basis of an inferred catalytic activity (energy metabolism) included NADH dehydrogenase subunit 3, cytochrome c oxidase subunit I, cytochrome b, and Arginine kinase (AK). NADH dehydrogenase subunit 3, cytochrome c oxidase subunit I, and cytochrome b are integral components in respiratory electron transport. AK is a key invertebrate enzyme that regulates energy metabolism and produces cellular ATP (Ellington, 1989) . Arginine kinase plays an important role in sperm energy metabolism during fertilization and reproduction in arthropods and mollusks (Strong and Ellington, 1995) .
During the peak phase (following full development), the accessory sex gland, already filled with secretory proteins prior to mating, secretes a large volume of proteins into its lumen during mating time. Spermatophores and semen stored in the seminal vesicles will also enter the spermatheca to participate in fertilization. Research has shown that sperm undergo a complicated set of changes prior to fertilization, which include the synthesis of membrane components (proteins, lipids, and surface antigens), capacitation (cAMP, Na + , K + , and Ca 2+ ), and the acrosome reaction. Secretory proteins produced by the accessory sex gland play important roles in the aforementioned processes (Moura et al., 2007; Wang et al., 2007) . In concert with the secretory nature of the accessory sex gland, we report the elevated and differential expression of genes related to protein synthesis, which include ribosome proteins L4, S23e, S7, L11, L10Ae, and L15 and isoleucyltRNA synthetase. Furthermore, the expression of genes involved in protein modification, such as PPIB, phosphatase subunit 2 and HTF9c, may function to modify secretory or sperm membrane proteins, although further study is required. TCTP and ELC expression were closely related to Ca 2+ levels and the presence of Ca 2+ -dependent reactions, supporting previous findings that extracellular Ca 2+ is required both for the capacitation and the acrosome reaction. Moreover, the zinc finger protein PHD also has a documented involvement in male reproduction, whereas the elevated expression of energy metabolism-related genes during the peak stage may be related to the energy required for accessory sex gland secretions.
In the present study, we have identified genes that are differentially expressed during the seasonal development of the accessory sex gland by constructing contrasting SSH cDNA libraries. Furthermore, these identified genes have inferred functions, via sequence analysis and GO classification, which are consistent with the physical and biochemical events that occur during accessory sex gland development. Expression analyses during the peak stage of accessory sex gland development imply that the identified genes have important roles in sperm capacitation, the acrosome reaction, and other facets of fertilization. The present study provides novel information concerning the genetic analysis of growth and sexual development in E. sinensis. However, further study is needed and will greatly expand our comprehensive understanding of the biological functions of the accessory sex gland.
